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(57)Abstract: 

PROBLEM TO BE SOLVED: To have an optical head 
device which can efficiently correct the spherical 
aberration originated in the optical disk thickness error 
and in which a good signal light with little noise is 
obtained. 

SOLUTION: A liquid crystal layer which is sandwiched 
between a pair of substrates having electrodes on the 
surfaces is provided. The electrode of one substrate is 
provided with three concentric ring low-resistance 
electrodes and a high-resistance electrode which is 
disposed between the adjoining low- resistance 
electrodes and in which the ratio of the value of the 
sheet resistance thereof to that of the low-resistance 
electrodes is equal to or more than 1000, and the 
electrode of the other substrate is provided with a 
divided electrode consisting of a plurality of segment 
electrodes in which a planar electrode is segmented into 
concentric shapes. Further, a phase correction element 
4 is obtained, in which the optical axes passing through 

respective centers of the low-resistance electrodes and the divided electrode agree with each 
other, and the element is installed in an optical path between a light source 1 of the optical 
head device and an objective lens 6. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The light source and the objective lens for making the outgoing radiation light from the 
light source condense on an optical recording medium, The phase correction component to 
which the wave front of the outgoing radiation light prepared between the light source and an 
objective lens is changed, It is optical head equipment equipped with a control voltage generating 
means to output the electrical potential difference for changing a wave front to a phase 
correction component The phase correction component is equipped with the liquid crystal layer 
in which the electrode was pinched by the transparence substrate of the pair currently formed in 
the front face. The electrode of one transparence substrate Connect conductively the adjoining 
low resistance electrode which is arranged on low resistance inter-electrode at least, and 
adjoins to the low resistance electrode of the three or more shape of a circular ring allotted in 
the shape of a concentric circle. It has the high resistance electrode whose ratio of sheet 
resistance to a low resistance electrode is 1000 or more. The electrode of the transparence 
substrate of another side Optical head equipment characterized by having the division electrode 
which consists of two or more segment electrodes with which the flat electrode was divided in 
the shape of a concentric circle, and the core of a low resistance electrode and the core of a 
division electrode being on an optical axis. 

[Claim 2] Optical head equipment according to claim 1 constituted so that a different electrical 
potential difference between the electrode of the transparence substrate which said two or more 
segment electrodes are divided into two segment electrode groups, are connected conductively 
for every segment electrode group, and counters, and each segment electrode group can be 
impressed. 

[Claim 3] Said low resistance electrode is optical head equipment according to claim 1 or 2 it 
consists of an outside, middle, and three inside low resistance electrodes, and the ratio of the 
average of the inradius of a middle low resistance electrode and circumradius to the pupil radius 
of said objective lens is from 0.7 to 0.85, and the ratio of the difference of said inradius to the 
pupil radius of said objective lens and said circumradius is [ equipment ] from 0.02 to 0.14. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the optical head equipment which 
performs record and playback of the information on optical recording media, such as an optical 
disk, about optical head equipment. 
[0002] 

[Description of the Prior Art] In order to raise the recording density of an optical disk in recent 
years, wavelength of the outgoing radiation light from the semiconductor laser which is the light 
source is shortened, or enlarging numerical aperture (NA) of an objective lens is put in practical 
use. It is setting wavelength of the light source to about 405nm, and setting NA to 0.85 in next- 
generation optical recording, and obtaining bigger recording density is proposed. However, the 
permissible dose of thickness fluctuation of short-wavelength-izing of the light source and a 
raise in NA of an objective lens of an optical disk by the cause becomes small. 
[0003] Since the spherical aberration proportional to thickness fluctuation of an optical disk 
occurs, the cause by which these permissible doses become small is because the condensing 
property of optical head equipment deteriorates and reading of a signal becomes difficult. 
Moreover, in the case of the multilayer recording method which uses as a record layer the layer 
from which an optical disk differs, respectively, since the spherical aberration based on class 
spacing occurs, a means to amend spherical aberration is required. 

[0004] The following methods are proposed as a means to amend spherical aberration. One has 
the method (mechanical control) which negates the spherical aberration which the location of a 
collimate lens is mechanically changed according to the amount of the generated spherical 
aberration, is made to generate spherical aberration between objective lenses, and is generated 
with the thickness error of an optical disk. In the case of this mechanical control, since a part for 
the mechanical moving part of a collimate lens is needed, there is a fault to which the 
configuration of optical head equipment becomes intricately or large. 

[0005] There is a method (electric system) which amends wave aberration by impressing an 
electrical potential difference to the phase correction component which it had into the optical 
path between an objective lens and the light source as another method. In the case of this 
electric system, since the amount of machine moving part is not compared with a mechanical 
control, it excels in dependability, such as formation of small lightweight, and vibration. There is 
JP,10-20263,A as an example which amends wave aberration using a phase correction 
component As a method which amends the comatic aberration generated with the inclination of 
an optical disk in this example, orientation was controlled by changing the electrical potential 
difference which impresses the liquid crystal pinched between the substrates of the pair which 
constitutes the phase correction component to a division electrode, and the comatic aberration 
which the wave front of the transmitted light is changed and is generated is amended. 
[0006] 

[Problem(s) to be Solved by the Invention] However, in the case of the conventional phase 
correction component, if its attention is paid to one division electrode, since the variation of the 
wave front of the transmitted light is the same, it will depend for the wave-front configuration 
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acquired on the number of signals impressed to the number of partitions (the number of division 
electrodes) of an electrode, and a division electrode. Therefore, in order to amend the wave 
aberration which changes continuously with a sufficient precision, it is necessary to increase the 
number of division electrodes and to control by many sources of an external signal (external 
power), and problems, such as complication of a component configuration and an external power 
configuration, arise. Then, a phase correction component to which it has simple electrode 
structure and the wave front of the transmitted light is continuously changed by few external 
powers was desired. The. variation of wave aberration like the periphery of spherical aberration 
was wanted to amend a large field by continuous wave-front change especially. 
[0007] 

[Means for Solving the Problem] It is made in order that this invention may solve the above- 
mentioned technical problem. The light source, The objective lens for making the outgoing 
radiation light from the light source condense on an optical recording medium, The phase 
correction component to which the wave front of the outgoing radiation light prepared between 
the light source and an objective lens is changed, It is optical head equipment equipped with a 
control voltage generating means to output the electrical potential difference for changing a 
wave front to a phase correction component. The phase correction component is equipped with 
the liquid crystal layer in which the electrode was pinched by the transparence substrate of the 
pair currently formed in the front face. The electrode of one transparence substrate Connect 
conductively the adjoining low resistance electrode which is arranged on low resistance inter- 
electrode at least, and adjoins to the low resistance electrode of the three or more shape of a 
circular ring allotted in the shape of a concentric circle. It has the high resistance electrode 
whose ratio of sheet resistance to a low resistance electrode is 1000 or more. The electrode of 
the transparence substrate of another side The optical head equipment characterized by having 
the division electrode which consists of two or more segment electrodes with which the flat 
electrode was divided in the shape of a concentric circle, and the core of a low resistance 
electrode and the core of a division electrode being on an optical axis is offered. 
[0008] 

[Embodiment of the Invention] Drawing 1 is the conceptual diagram showing an example of the 
principle configuration of the optical head equipment of this invention, and performs the record 
and playback of the information on an optical disk which are an optical recording medium. It 
becomes parallel light with a collimate lens 3, the quadrant wavelength plate 5 is penetrated after 
penetrating the phase correction component 4, it is reflected in the direction of 90 degree by the 
starting mirror 11, and the outgoing radiation light from the semiconductor laser 1 which is the 
light source is condensed on an optical disk 8 with the objective lens 6 installed in the actuator 
7, after penetrating the hologram type polarization beam splitter 2. 

[0009] After it is reflected by the optical disk 8 and the condensed light penetrates an objective 
lens 6, the starting mirror 11, the quadrant wavelength plate 5, the phase correction component 
4, and a collimate lens 3 contrary to previously one by one, it is diffracted by the polarization 
beam splitter 2 and carries out incidence to a photodetector 9. In case the outgoing radiation 
light from the above-mentioned semiconductor laser 1 is reflected by the optical disk 8, 
amplitude modulation of the reflected light is carried out by the information recorded on the field 
of an optical disk 8, and recording information can be read as a signal on the strength [ optical ] 
with a photodetector 9. Moreover, when recording information on an optical disk 8, the laser 
output of semiconductor laser 1 is modulated and information is recorded on the record film of 
an optical disk 8. 

[0010] An electrical potential difference is outputted towards the phase correction component 4 
by the phase correction component control circuit 10 which is a control voltage generating 
means so that the optical disk 8 obtained from a photodetector 9, for example, the reinforcement 
of a regenerative signal, may become the optimal. The electrical potential difference outputted 
from the phase correction component control circuit 10 turns into an electrical potential 
difference impressed to the electrode of the phase correction component 4 according to the 
spherical aberration generated from gaps, multilayer optical disks, etc. of optical system, such as 
a thickness error, an objective lens, etc. of an optical disk. 
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[0011] Next, the configuration of the phase correction component used in this invention is 
explained using the sectional view of drawing 2 . Glass substrates 21a and 21b paste up epoxy 
system resin by the sealant 22 used as a principal component and the liquid crystal cell is 
formed. Although acrylic resin, epoxy system resin, vinyl chloride system resin, a polycarbonate, 
etc. are mentioned as ingredients other than glass with the substrate to be used, points, such as 
endurance, to a glass substrate is desirable. 

[0012] The conductive spacer which carried out the coat of the gold etc. to the glass spacer and 
the front face of resin is contained in the sealant 22. The coat of the insulator layer 25 which 
uses electrode 24a, a silica, etc. as a principal component from an inside front face in the inside 
front face of glass substrate 21a, the insulator layer 25 to which the orientation film 26 uses 
electrode 24b, a silica, etc. as a principal component from an inside front face in the inside front 
face of glass substrate 21b again at this order, and the orientation film 26 is carried out to this 
order. It is an insulator layer 25 and it may exclude for preventing the inter-electrode short- 
circuit by the conductive foreign matter. Moreover, the coat of the antireflection film may be 
carried out to the outside front face of glass substrates 21a and 21b. 

[0013] Pattern wiring is given so that electrode 24a can be connected with a phase correction 
component control circuit by the path cord in the electrode drawer section 27. Moreover, 
electrode 24b has connected above-mentioned gold etc. with electrode 24a formed on glass 
substrate 21a by the conductive spacer which carried out the coat electrically, therefore 
electrode 24b is connectable with a phase correction component control circuit in the electrode 
drawer section 27 with a path cord. 

[0014] The interior of a liquid crystal cell is filled up with liquid crystal 23. The ingredient of the 
liquid crystal to be used has the good pneumatic liquid crystal used for a liquid crystal display 
etc., and in order for polarization not to change with applied voltage, its uniform homogeneous 
orientation is desirable. The liquid crystal molecule 28 shown in drawing 2 is in the condition of 
the homogeneous orientation by which orientation was carried out to the one direction. 
[0015] Moreover, as an ingredient of the orientation film, if the pre tilt angle of the liquid crystal 
molecule 28 becomes 2-10 degrees, it is desirable, and what was parallel to the space of drawing . 
2 and carried out rubbing of the polyimide film to the longitudinal direction, the thing which 
carried out the slanting vacuum evaporation© of the silica film are good. Moreover, the direction 
which enlarged the difference of the Tsunemitsu refractive index of liquid crystal and an 
extraordinary index, and made spacing of a liquid crystal cell small makes high responsibility and 
is desirable. However, since manufacture of a liquid crystal cell becomes difficult so that spacing 
of a liquid crystal cell becomes small, as for spacing of 0.1 to 0.2, and a liquid crystal cell, it is 
desirable [ the difference of the Tsunemitsu refractive index of liquid crystal, and an 
extraordinary index ] to be referred to as about 2-5 micrometers. What is necessary is for the 
quality of the material of Electrodes 24a and 24b to have the desirable one where permeability is 
higher, and just to use transparence electric conduction film, such as ITO film, zinc-oxide film, 
and a tin oxide film. The ingredient of Electrodes 24a and 24b, physical properties, the formation 
approach, etc. are explained in full detail like after. 

[0016] As mentioned above, although the configuration required for the function to change a 
wave front using a phase correction component was described, the phase correction component 
4 can have the function of a wavelength plate 5 or a polarization beam splitter 2 by carrying out 
the laminating of the monotonous optical elements, such as a wavelength plate and a polarization 
hologram, to the phase correction component 4. In this case, assembly and adjustment become 
simple because the number of the optics which constitute optical head equipment becomes 
fewer, and productivity improves and is desirable. What is necessary is just to carry out a 
laminating, after sticking on the glass substrate of a phase correction component directly or 
sticking a wavelength plate on another glass substrate when carrying out the laminating of the 
wavelength plate. 

[0017] Moreover, it is desirable to consider as the optical head equipment with which the phase 
correction component and the objective lens are constituted by one. The reason is that the 
wave aberration (spherical aberration) which the phase correction component generated to the 
spherical aberration generated with the optical disk will cause a location gap by lens shift, and it 
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becomes impossible that it amends spherical aberration appropriately when the lens shift which 
an objective lens moves in a perpendicular field to an optical axis according to tracking etc. is 
produced and a phase correction component and an objective lens are not one. 
[0018] What is necessary is just to carry out fixing a phase correction component to the 
actuator holding an objective lens etc., in order for a phase correction component and an 
objective lens to consider as the optical head equipment constituted by one. in this case, the 
control characteristic of an actuator is not affected — as — making weight of a phase 
correction component light **** — a signal leader line — light weights, such as a wire, — 
connection — it is desirable to use an easy thing. 

[0019] Next, the approach of amending spherical aberration using the phase correction 
component in this invention is described. Drawing 3 is the top view showing an example of the 
voltage drop mold electrode pattern for amending spherical aberration, and is formed in either of 
the electrodes 24a and 24b shown in drawing 2 . As for 31-33, a low resistance electrode and 30 
are high resistance electrodes. Drawing 4 is the top view showing an example of the division 
electrode pattern for reducing residual aberration, and is formed in the electrode of the direction 
in which the above-mentioned voltage drop mold electrode pattern is not formed among 
Electrodes 24a and 24b. Moreover, the core of a low resistance electrode and the core of a 
division electrode are allotted on an optical axis. 

[0020] The slash section in drawing 3 is the high resistance electrode 30 formed with the 
transparence electric conduction film, for example, is a uniform electrode without division. Black- 
colored parts are the low resistance electrodes 31-33 for supplying an electrical potential 
difference to the high resistance electrode 30, and the bore and an outer diameter are arranged 
in the shape of [ centering on an optical axis ] a concentric circle. Moreover, the high resistance 
electrode 30 and the low resistance electrodes 31-33 are connected conductively. Therefore, 
the high resistance electrode is arranged on adjoining low resistance inter-electrode, and the 
adjoining low resistance electrode may be connected conductively. That is, the high resistance 
electrode may be in contact with the low resistance electrode which sandwiches this. 
[0021] It connects with the source of a signal which the phase correction component exterior 
does not illustrate with wiring, and the low resistance electrodes 31-33 can supply the electrical 
potential difference of arbitration with signals 1-3 respectively. In drawing 4 , 41-47 are segment 
electrodes which constitute a division electrode, and 48 and 49 are wiring. 
[0022] the ratio of sheet resistance rhoH of the electrode material which forms the high 
resistance electrode to sheet resistance rhoL of the electrode material which forms a low 
resistance electrode — if rho H/rho L is made or more into 1000, since resistance is low within 
a low resistance electrode compared with a high resistance electrode, within a low resistance 
electrode, it will become equipotential. On the other hand, in the field of the high resistance 
electrode 30, as a result of a feeble current's flowing according to the potential difference 
between the low resistance electrode 31, 32 and 32, and 33 and a voltage drop's occurring, 
potential distribution of the axial symmetry mold centering on the optical axis which changes 
continuously occurs. An electrode material and sheet resistance are explained in full detail later. 
[0023] Since the direction of orientation of a liquid crystal molecule changes according to the 
inter-electrode effective voltage (potential difference) which counters, if it makes all potentials 
of the division electrode which counters equal, effective-refractive-index distribution of liquid 
crystal is mostly in agreement with the distribution of voltage generated within the high 
resistance electrode 30. Therefore, if the low resistance electrodes 31-33 are constituted so 
that it may correspond to the wave aberration distribution which the distribution of voltage 
generated within the high resistance electrode 30 should amend, both can offset each other and 
wave aberration can be amended. 

[0024] Drawing 5 is a graph which shows an example of the spherical-aberration amendment by 
wave aberration generated by the phase correction component in this invention, and is the case 
where all potentials of the segment electrode which constitutes a division electrode are made 
equal. The spherical-aberration distribution which requires the amendment which produced A 
according to thickness fluctuation of an optical disk, the error of optical system, etc., and B are 
phase contrast distribution for amending the spherical aberration generated by the phase 
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correction component, and C is the residual aberration distribution which remained after 
amendment An axis of abscissa is a pupil radius centering on an optical axis, and is standardized 
by the radius of incoming beams. 

[0025] By setting up suitably the dimension of the low resistance electrodes 31-33, and the 
applied voltage of signals 1-3, in order to amend the spherical-aberration distribution A, it is 
opposite, and a configuration offsets the spherical-aberration distribution A according to the 
almost equivalent phase contrast distribution B, and a sign can amend. The location of the field 
D in the phase contrast distribution B and Field E is equivalent to the location of the low 
resistance electrodes 31 (the inside is included) and 32 shown in drawing 3 here, respectively, 
and since the location of the low resistance electrode 33 is equivalent to a with a pupil radii [ of 
drawing 4 ] of one or more location, it is not illustrated. 

[0026] The wave aberration distribution B which will be generated if the location of the low 
resistance electrodes 31 and 32 is changed changes. Therefore, in order to amend with high 
precision, it is required to decide the location and magnitude of the low resistance electrodes 31 
and 32 to be in agreement with the configuration of the spherical-aberration distribution A. When 
the average radius of the inradius of the low resistance electrode 32 of the shape of 0.2 to 0.3 
and a circular ring and a circumradius is set [ the radius of the incoming beams in a phase 
correction component side ] to 0.7-0.85 for the radius of the low resistance electrode 31 as 1, 
spherical aberration can be amended efficiently and it is desirable. When the radius of the low 
resistance electrode 31 is set to 0.21 and the average radius of the low resistance electrode 32 
is especially set to 0.74, the greatest amendment effectiveness can be acquired and it is very 
desirable. 

[0027] As mentioned above, although the division electrode was described about the case where 
it is made equipotential, the residual aberration shown in C of drawing 5 in this case remains. 
Since the magnitude of this residual aberration is proportional to the magnitude of the spherical 
aberration to amend, when amending big spherical aberration, such as a gap between layers in a 
multilayer record disk, it cannot be disregarded. Then, below, the reduction effectiveness of the 
residual aberration by the phase correction component in this invention is explained. 
[0028] The division electrode shown in drawing 4 consists of two or more segment electrodes 
41-47 by the shape of a concentric circle acquired by etching the uniform transparence electric 
conduction film. For example, a photolithography technique and an etching technique can be 
used for the approach of dividing an electrode. There is no flow between one adjoining segment 
electrode and other segment electrodes (i.e., the segment inter-electrode from which division 
spacing differs since the transparence electric conduction film is removed by etching). However, 
with the phase correction component in this invention, it wires with the transparence electric 
conduction film inside an electrode so that some segment electrodes may flow, and this is 
reducing the number of signals. 

[0029] That is, two or more segment electrodes are divided into two segment electrode groups, 
and are connected conductively for every segment electrode group, and it is constituted so that 
a different electrical potential difference between the electrode of the transparence substrate 
which counters, and each segment electrode group can be impressed. Thus, by constituting, the 
number of control voltage generating means can be reduced, and it is desirable. 
[0030] In the example shown in drawing 4 , one segment electrode group is formed, and it flows 
with the wiring 49 arranged on the longitudinal direction of drawing, and connects with the 
external source of a signal, and the segment electrodes 41, 43, 45, and 47 can impress the 
electrical potential difference of arbitration with a signal 5. Similarly, other segment electrode 
groups are formed, and it flows with wiring 48, and connects with the external source of a signal, 
and the segment electrodes 42, 44, and 46 can impress the electrical potential difference of 
arbitration with a signal 4. 

[0031] Drawing 6 is wave aberration distribution showing the residual aberration at the time of 
amending spherical aberration using the phase correction component of this invention. The pupil 
radius is standardized by the incoming beams radius even in this drawing. The residual aberration 
at the time of making equipotential all the segment electrodes mentioned above is 61, and the 
residual aberration at the time of supplying a different electrical potential difference as signals 4 
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and 5 shown in drawing 4 becomes like 62. Fields D41-D47 support the segment electrodes 41, 
42-47 here. That is, D41 is a domain (Domain) 41. 

[0032] The irregularity of the residual aberration shown in 61 can be graduated by setting up the 
radius of a segment electrode appropriately according to the configuration of residual aberration, 
and generating the potential difference in segment inter-electrode, and residual aberration can 
be reduced. What is necessary is just to enable it to impress here an electrical potential 
difference which increases the number of signals and is different for every segment electrode to 
reduce residual aberration further, although the segment electrodes 41, 43, 45, and 47 were 
made equipotential and differing from this etc. made the segment electrodes 42, 44, and 46 
potential. Only the segment electrode 42 is insulated from other segment electrodes as a 
different pattern from the division electrode pattern shown in drawing 4 , it can connect with the 
source of a signal of the new exterior, and can also control independently, and although the one 
number of signals increases, residual aberration is reduced to a pan. 

[0033] Next, the electrode material of the phase correction component in this invention is 
described, the ratio of sheet resistance rhoL of the electrode material which forms the low 
resistance electrode of a voltage drop mold electrode, and sheet resistance rhoH of the 
electrode material which forms a high resistance electrode — rho H/rho L is made or more into 
1000. When rhoH is too small, it may become difficult for a comparatively big current to flow also 
to a high resistance electrode, and for a voltage drop to arise within the low resistance electrode 
which is in contact with the high resistance electrode, and to acquire desired distribution of 
voltage. On the other hand, when rhoH is too large, since the conductivity of a high resistance 
electrode is lost, potential distribution is not generated. Therefore, in order to satisfy the above 
conditions, rhoH has good 103ohm/** - 107ohms / ** extent. On the other hand, since the 
permission resistance range of a high resistance electrode becomes large [ direction ] making it 
as small as possible as for rhoL, its 1ohm/** — 100ohms / ** extent are preferably good. 
[0034] As an ingredient of a low resistance electrode, although metallic materials, such as 
copper, gold, aluminum, and chromium, are desirable in respect of conductivity and endurance, 
since it is shaded by the electrode section, permeability falls. Therefore, it is desirable to use the 
transparence electric conduction film. For example, using small transparence electric conduction 
film of specific resistance, such as [TO film, satisfies the conditions of the ratio of the resistance 
of a low resistance electrode and the resistance of a high resistance electrode which were 
mentioned above, and since permeability is also high, it is desirable. Moreover, transparence 
electric conduction film like the ITO film is sufficient as the wiring material on the electrode 
drawer section 27 for impressing an electrical potential difference to a low resistance electrode 
from an external phase correction component control circuit, and a metal membrane like 
chromium or nickel is sufficient as it. In the case of a metal connectable [ with especially 
pewters, such as nickel, ], the signal line from the outside can be easily connected with a pewter, 
and it is desirable. 

[0035] On the other hand, as an ingredient of a high resistance electrode, it needs to be 
transparent and sheet resistance needs to be high compared with the ingredient of a low 
resistance electrode. For example, one sort or the tin oxide film doped two or more sorts, the 
[TO film, etc. are [ elements /, such as a gallium, aluminum, silicon, an yttrium and an indium, ] 
good in elements, such as one sort or zinc oxide film doped two or more sorts, and antimony, an 
indium, a gallium. 

[0036] Since the high resistance film is easily obtained compared with the ITO film, the zinc- 
oxide film and tin oxide film by which the above-mentioned element was doped are desirable. 
Especially the zinc oxide film of etching nature with which the above-mentioned element was 
doped is also good though it is high specific resistance, and it is a suitable ingredient in the 
optical head equipment of this invention at a point excellent in the permeability of light, and 
endurance. When using the ITO film for both a low resistance electrode and a high resistance 
electrode, it is desirable in order for using as the film with which specific resistance differs to 
tend to control thickness. 

[0037] On the other hand, the ingredient of the transparence electric conduction film of a 
division electrode can use tin oxide, a zinc oxide, etc. with which ITO, a gallium, an indium, 
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antimony, etc. were doped like the voltage drop mold electrode. However, when membrane 
resistance is [ direction ] low and it can do using [TO, since permeability is high, it is desirable. 
[0038] Moreover, the above-mentioned low resistance electrode consists of an outside, middle, 
and three inside low resistance electrodes. The ratio of the average of the inradius of a middle 
low resistance electrode and circumradius to the pupil radius of the objective lens which 
constitutes optical head equipment is from 0.7 to 0.85. And by considering as the above optical 
head equipment the ratio of the difference of the inradius of a middle low resistance electrode 
and circumradius to the pupil radius of an objective lens is [ equipment ] from 0.02 to 0.14, since 
optical head equipment can amend spherical aberration appropriately, it is desirable. 
[0039] 

[Example] The optical head equipment of this example is equipped with the phase correction 
component which amends the spherical aberration produced according to thickness fluctuation 
of an optical disk, an objective lens, the alignment error of optical system, etc. The phase 
correction component 4 was included in the optical head equipment shown in drawing 1 , and it 
connected with the phase correction component control circuit 10 which has five sources of an 
electrical signal electrically. The wavelength of the outgoing radiation light from the 
semiconductor laser 1 which is the light source is 405nm, NA of an objective lens 6 is 0.85, and a 
pupil diameter is 3mm in diameter. The component structure of the phase correction component 
of this example is the same as what was shown in drawing 2 . 

[0040] The [TO film of specific resistance 5x10-6 ohm-m was formed by the magnetron 
sputtering method on the front face with a thickness of 0.5mm which is a transparence substrate 
of an alkali-free-glass substrate, photolithography and the technique of etching performed 
patterning on this [TO film, and the division electrode shown in the low resistance electrodes 31- 
33 and drawing 4 of the voltage drop mold electrode shown in drawing 3 was formed. And it was 
allotted as the core of a low resistance electrode and the core of a division electrode were on an 
optical axis. 

[0041] The sheet resistance of 50ohm/**, and a division electrode of the sheet resistance of 
the low resistance electrodes 31-33 is 300ohm/**, and each segment electrode spacing of a 
division electrode was set to 5 micrometers. Then, to the voltage drop mold electrode, the zinc- 
oxide film with which the gallium was doped was formed by the magnetron sputtering method, 
and the transparent high resistance electrode 30 (specific resistance 5x10-3 ohm-m) was 
formed. The sheet resistance of the high resistance electrode 30 was 1x105ohm/**, and the 
ratio with the sheet resistance of the low resistance electrodes 31-33 was 2000 to 1. In this 
example, electrode 24a of drawing 2 was used as the voltage drop mold electrode, and electrode 
24b was used as the division electrode. 

[0042] Then, after forming in the front face of Electrodes 24a and 24b the insulator layer 25 
which uses a silica as a principal component with a spin coat method, similarly the orientation 
film 26 which uses polyimide as a principal component was formed with the spin coat method. At 
this time, it piled up so that it might become the cellular structure which shows two produced 
alkali-free-glass substrates to drawing 2 using the sealant of the epoxy system in which the 4- 
micrometer glass spacer was mixed. Between the glass substrates of this eel, difference deltan 
of the Tsunemitsu refractive index and an extraordinary index poured in the pneumatic liquid 
crystal of 0.15, the inlet was closed, and the liquid crystal cell was formed. In addition, rubbing 
processing of the orientation film 26 is carried out in advance so that the liquid crystal layer 23 
may become homogeneous orientation. Moreover, the coat of the antireflection film (not shown) 
was carried out to the outside front face of a glass substrate. 

[0043] The low resistance electrode 31 the bore of 0.7mm, the outer diameter of 0.8mm, and the 
low resistance electrode 32 The bore of 2.2mm, The outer diameter of 2.5mm and the low 
resistance electrode 33 have the shape of a circular ring centering on an optical axis with a bore 
[ of 3.2mm ], and an outer diameter of 4.2mm. Wiring formed with the same transparence electric 
conduction film ingredient connects with the phase correction component control circuit 10 from 
electrode drawer **** 27, and the electrical potential difference of arbitration can be supplied to 
each low resistance electrode using signals 1-3. the ratio of the difference (0.15) of the inradius 
of the middle low resistance electrode 32 and a circumradius — 0.1 — it is — 0.02 and 0.14 — 
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having done . [ as opposed to / the ratio of the average (1.17) of the inradius of the middle low 
resistance electrode 32 and circumradius to a pupil radius (1.5mm) is 0.78, and are between 0.7 
and 0.85 here, and / a pupil radius (1.5mm) ] 

[0044] On the other hand, the division electrode shown in drawing 4 is divided into the segment 
electrodes 41-47 of the shape of a concentric circle (the diameter of 0.6mm, 1.0mm, 1.7mm, 
2.4mm, 2.6mm, and 2.9mm) from the inside centering on the optical axis. The segment electrodes 
41, 43, 45, and 47 have flowed with the wiring 49 formed with the same transparence electric 
conduction film ingredient, and the equal electrical potential difference was supplied by the signal 
5 which the phase correction component control circuit 10 generates. Similarly, the segment 
electrodes 42, 44, and 46 also flowed with wiring 48, and the equal electrical potential difference 
was supplied by the signal 4. 

[0045] pi The phase correction component in this example was controlled by five electrical 
signals, an electrical signal is a rectangle alternating current with a frequency of 1kHz, the signal 
4 the signals 1 and 2 for voltage drop mold electrodes, three comrades, and for division 
electrodes and five comrades are in phase respectively, and, as for signals 1, 2, and 3 and signals 
4 and 5, the phase has shifted. If it follows, for example, the electrical potential difference of 
signals 1, 2, and 3 is set to V1 [Vrms], a signal 4, and 5V2 [Vrms], the electrical potential 
difference impressed to inter-electrode will become V1+V2[Vrms], and will drive a liquid crystal 
molecule. 

[0046] Next, the principle which amends spherical aberration by the phase correction component 
in this example is explained. B of drawing 5 is a graph which shows radial distribution of the wave 
aberration (spherical aberration) generated when the thickness of an optical disk becomes thick 
0.01mm from 0.1mm of a design value in the optical system whose wavelength of 0.85 and the 
light source NA of an objective lens is 405nm. Since spherical aberration is axial symmetry, the 
wave aberration shown in B of drawing 5 should just consider that it is distributed by the pupil 
radius 0, i.e., an optical axis, as a symmetry axis of rotation inversion. 

[0047] In order for a phase correction component to amend the spherical aberration generated 
by 0.01mm optical disk thickness fluctuation, 1.1Vrms(es) were impressed to 1.3Vrms(es) and the 
low resistance electrode 32, and electrical-potential-difference O.SVrms was impressed to the 
low resistance electrodes 31 and 33 at the segment electrodes 41-47. Therefore, the effective 
voltage impressed to a liquid crystal layer was set to 1.6Vrms(es) with 1.8Vrms(es) and the low 
resistance electrode 32 with the low resistance electrodes 31 and 33, and the distribution of 
voltage which changes continuously by electrical-potential-difference width-of-face 0.2Vrms 
into the field of the high resistance electrode 30 produced it. Like the above-mentioned 
explanation, since the direction of orientation of a liquid crystal molecule is distributed according 
to an electrical potential difference, as for a phase correction component, concentric circle— like 
change [ wave-front ] can be generated, and the radial distribution becomes like B of drawing 4 . 

[0048] Since the electrical potential difference of signals 1-3 is decided here according to the 
magnitude of spherical aberration A, as a result of offsetting each other, the wave aberration on 
an optical disk side becomes like C, and reduces spherical aberration A and the spherical 
aberration B generated by the phase correction component. Although the spherical aberration 
before amendment was abbreviation 0.1 lambdarms, as a result of amending using a phase 
correction component, it decreased to abbreviation 0.018lambdarms. 

[0049] What is necessary is on the other hand, just to impress 1.3Vrms(es) to the low resistance 
electrodes 31 and 33 with A of drawing 5 , at 1.1 Vrms(es) and the low resistance electrode 32, in 
order to amend the spherical aberration which positive/negative reversed when only 0.01mm has 
the thin thickness of an optical disk. Since wave-front change generated by the phase correction 
component also becomes the form which reversed the positive/negative of B of drawing 5 by 
this, spherical aberration can be offset. 

[0050] Next, in order to improve the residual aberration after the amendment shown by C of 
drawing 5 , without changing, among the segment electrodes which constitute a division 
electrode, 0.48Vrms(es) were impressed to the segment electrodes 41, 43, 45, and 47, and the 
applied voltage to a voltage drop mold electrode impressed 0.52Vrms(es) to the segment 



http://www4.ipdl. ncipi.go.jp/cgi-bin/tranjweb_cgLejje 



2005/03/03 



9/9 — V 



electrodes 42, 44, and 46. As a result of the electrical-potential-difference difference of 
0.04Vrms(es) arising for every segment electrode of a division electrode by this, substantial 
refractive-index distribution of a liquid crystal layer also changes. 62 of drawing 6 is a graph 
showing residual aberration when this electrical-potential-difference difference arises, and is 
expressed as wave aberration, the segment electrodes 41-47 — signs that residual aberration is 
decreasing compared with 61 when carrying out 0.5Vrms impression equally to all are known. At 
this time, as a result of being halved to 0.009lambdarms, record of the information on an optical 
disk and reproducing characteristics of wave aberration abbreviation 0.01 8lambdarms after the 
amendment shown previously improved further. 

[0051] Spherical aberration has been amended with a sufficient precision by impressing the 
electrical potential difference suitable as mentioned above for the low resistance electrodes 31- 
33 and the segment electrodes 41-47. Moreover, since the low resistance electrodes 31 and 33 
do not influence greatly on an optical property even if they impress an always equal electrical 
potential difference, it can be made to be able to flow through the low resistance electrodes 31 
and 33, you may make it able to connect with one power source, and they can be operated with 
four external signals in this case. 
[0052] 

[Effect of the Invention] As explained above, it sets to the optical head equipment of this 
invention. One side of the electrode formed in each of the transparence substrate of the pair 
which pinches a liquid crystal layer and constitutes a phase correction component The phase 
correction component which consists of high resistance electrodes with which the low 
resistance electrode of the three shape of a circular ring arranged in the shape of a concentric 
circle was matched for low resistance inter-electrode at least, and constitutes the electrode of 
another side with the division electrode which consists of two or more segment electrodes 
divided in the shape of a concentric circle is carried. 

[0053] Since the phase correction component which has this configuration can generate wave- 
front change which was mostly in agreement with the spherical-aberration configuration, by using 
the optical head equipment of this invention which carried this phase correction component, it 
can amend efficiently the spherical aberration resulting from an optical disk thickness error, and 
can obtain a good signal light with few noises. Furthermore, since it can be made to operate by 
few sources of an external signal compared with the former, the optical head equipment of low 
cost is producible. 

[Translation done.] 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] Especially this invention relates to the optical head equipment which 
performs record and playback of the information on optical recording media, such as an optical 
disk, about optical head equipment. 

[Translation done.] 
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* NOTICES * 
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PRIOR ART 



[Description of the Prior Art] In order to raise the recording density of an optical disk in recent 
years, wavelength of the outgoing radiation light from the semiconductor laser which is the light 
source is shortened, or enlarging numerical aperture (NA) of an objective lens is put in practical 
use. It is setting wavelength of the light source to about 405nm, and setting NA to 0.85 in next- 
generation optical recording, and obtaining bigger recording density is proposed. However, the 
permissible dose of thickness fluctuation of short-wavelengthHzing of the light source and a 
raise in NA of an objective lens of an optical disk by the cause becomes small. 
[0003] Since the spherical aberration proportional to thickness fluctuation of an optical disk 
occurs, the cause by which these permissible doses become small is because the condensing 
property of optical head equipment deteriorates and reading of a signal becomes difficult. 
Moreover, in the case of the multilayer recording method which uses as a record layer the layer 
from which an optical disk differs, respectively, since the spherical aberration based on class 
spacing occurs, a means to amend spherical aberration is required. 

[0004] The following methods are proposed as a means to amend spherical aberration. One has 
the method (mechanical control) which negates the spherical aberration which the location of a 
collimate lens is mechanically changed according to the amount of the generated spherical 
aberration, is made to generate spherical aberration between objective lenses, and is generated 
with the thickness error of an optical disk. In the case of this mechanical control, since a part for 
the mechanical moving part of a collimate lens is needed, there is a fault to which the 
configuration of optical head equipment becomes intricately or large. 

[0005] There is a method (electric system) which amends wave aberration by impressing an 
electrical potential difference to the phase correction component which it had into the optical 
path between an objective lens and the light source as another method. In the case of this 
electric system, since the amount of machine moving part is not compared with a mechanical 
control, it excels in dependability, such as formation of small lightweight, and vibration. There is 
JP,10-20263,A as an example which amends wave aberration using a phase correction 
component As a method which amends the comatic aberration generated with the inclination of 
an optical disk in this example, orientation was controlled by changing the electrical potential 
difference which impresses the liquid crystal pinched between the substrates of the pair which 
constitutes the phase correction component to a division electrode, and the comatic aberration 
which the wave front of the transmitted light is changed and is generated is amended. 



[Translation done.] 
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EFFECT OF THE INVENTION 

[Effect of the Invention] As explained above, it sets to the optical head equipment of this 
invention, the phase correction component which constitutes one side of the electrode which 
the transparence substrate of the pair which pinches a liquid-crystal layer and constitutes a 
phase correction component was alike, respectively, and was formed from a high resistance 
electrode with which the low resistance electrode of the three shape of a circular ring arranged 
in the shape of a concentric circle was matched for low resistance inter-electrode at least, and 
constitutes the electrode of another side with the division electrode which consists of two or 
more segment electrodes divided in the shape of a concentric circle carries. 
[0053] Since the phase correction component which has this configuration can generate wave- 
front change which was mostly in agreement with the spherical-aberration configuration, by using 
the optical head equipment of this invention which carried this phase correction component, it 
can amend efficiently the spherical aberration resulting from an optical disk thickness error, and 
can obtain a good signal light with few noises. Furthermore, since it can be made to operate by 
few sources of an external signal compared with the former, the optical head equipment of low 
cost is producible. 

[Translation done.] 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, in the case of the conventional phase 
correction component, if its attention is paid to one division electrode, since the variation of the 
wave front of the transmitted light is the same, it will depend for the wave—front configuration 
acquired on the number of signals impressed to the number of partitions (the number of division 
electrodes) of an electrode, and a division electrode. Therefore, in order to amend the wave 
aberration which changes continuously with a sufficient precision, it is necessary to increase the 
number of division electrodes and to control by many sources of an external signal (external 
power), and problems, such as complication of a component configuration and an external power 
configuration, arise. Then, a phase correction component to which it has simple electrode 
structure and the wave front of the transmitted light is continuously changed by few external 
powers was desired. The variation of wave aberration like the periphery of spherical aberration 
was wanted to amend a large field by continuous wave-front change especially. 



[Translation done.] 
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MEANS 



[Means for Solving the Problem] It is made in order that this invention may solve the above- 
mentioned technical problem. The light source, The objective lens for making the outgoing 
radiation light from the light source condense on an optical recording medium. The phase 
correction component to which the wave front of the outgoing radiation light prepared between 
the light source and an objective lens is changed, It is optical head equipment equipped with a 
control voltage generating means to output the electrical potential difference for changing a 
wave front to a phase correction component. The phase correction component is equipped with 
the liquid crystal layer in which the electrode was pinched by the transparence substrate of the 
pair currently formed in the front face. The electrode of one transparence substrate Connect 
conductively the adjoining low resistance electrode which is arranged on low resistance inter- 
electrode at least, and adjoins to the low resistance electrode of the three or more shape of a 
circular ring allotted in the shape of a concentric circle. It has the high resistance electrode 
whose ratio of sheet resistance to a low resistance electrode is 1000 or more. The electrode of 
the transparence substrate of another side The optical head equipment characterized by having 
the division electrode which consists of two or more segment electrodes with which the flat 
electrode was divided in the shape of a concentric circle, and the core of a low resistance 
electrode and the core of a division electrode being on an optical axis is offered. 
[0008] 

[Embodiment of the Invention] Drawing 1 is the conceptual diagram showing an example of the 
principle configuration of the optical head equipment of this invention, and performs the record 
and playback of the information on an optical disk which are an optical recording medium. It 
becomes parallel light with a collimate lens 3, the quadrant wavelength plate 5 is penetrated after 
penetrating the phase correction component 4, it is reflected in the direction of 90 degree by the 
starting mirror 11, and the outgoing radiation light from the semiconductor laser 1 which is the 
light source is condensed on an optical disk 8 with the objective lens 6 installed in the actuator 
7, after penetrating the hologram type polarization beam splitter 2. 

[0009] After it is reflected by the optical disk 8 and the condensed light penetrates an objective 
lens 6, the starting mirror 11, the quadrant wavelength plate 5, the phase correction component 
4, and a collimate lens 3 contrary to previously one by one, it is diffracted by the polarization 
beam splitter 2 and carries out incidence to a photodetector 9. In case the outgoing radiation 
light from the above-mentioned semiconductor laser 1 is reflected by the optical disk 8, 
amplitude modulation of the reflected light is carried out by the information recorded on the field 
of an optical disk 8, and recording information can be read as a signal on the strength [ optical ] 
with a photodetector 9. Moreover, when recording information on an optical disk 8, the laser 
output of semiconductor laser 1 is modulated and information is recorded on the record film of 
an optical disk 8. 

[0010] An electrical potential difference is outputted towards the phase correction component 4 
by the phase correction component control circuit 10 which is a control voltage generating 
means so that the optical disk 8 obtained from a photodetector 9, for example, the reinforcement 
of a regenerative signal, may become the optimal. The electrical potential difference outputted 
from the phase correction component control circuit 10 turns into an electrical potential 
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difference impressed to the electrode of the phase correction component 4 according to the 
spherical aberration generated from gaps, multilayer optical disks, etc. of optical system, such as 
a thickness error, an objective lens, etc. of an optical disk. 

[0011] Next, the configuration of the phase correction component used in this invention is 
explained using the sectional view of drawing 2 . Glass substrates 21a and 21b paste up epoxy 
system resin by the sealant 22 used as a principal component, and the liquid crystal cell is 
formed. Although acrylic resin, epoxy system resin, vinyl chloride system resin, a polycarbonate, 
etc. are mentioned as ingredients other than glass with the substrate to be used, points, such as 
endurance, to a glass substrate is desirable. 

[0012] The conductive spacer which carried out the coat of the gold etc. to the glass spacer and 
the front face of resin is contained in the sealant 22. The coat of the insulator layer 25 which 
uses electrode 24a, a silica, etc. as a principal component from an inside front face in the inside 
front face of glass substrate 21a, the insulator layer 25 to which the orientation film 26 uses 
electrode 24b, a silica, etc. as a principal component from an inside front face in the inside front 
face of glass substrate 21b again at this order, and the orientation film 26 is carried out to this 
order. It is an insulator layer 25 and it may exclude for preventing the inter-electrode short- 
circuit by the conductive foreign matter. Moreover, the coat of the antireflection film may be 
carried out to the outside front face of glass substrates 21a and 21b. 

[0013] Pattern wiring is given so that electrode 24a can be connected with a phase correction 
component control circuit by the path cord in the electrode drawer section 27. Moreover, 
electrode 24b has connected above-mentioned gold etc. with electrode 24a formed on glass 
substrate 21a by the conductive spacer which carried out the coat electrically, therefore 
electrode 24b is connectable with a phase correction component control circuit in the electrode 
drawer section 27 with a path cord. 

[0014] The interior of a liquid crystal cell is filled up with liquid crystal 23. The ingredient of the 
liquid crystal to be used has the good pneumatic liquid crystal used for a liquid crystal display 
etc., and in order for polarization not to change with applied voltage, its uniform homogeneous 
orientation is desirable. The liquid crystal molecule 28 shown in drawing 2 is in the condition of 
the homogeneous orientation by which orientation was carried out to the one direction. 
[0015] Moreover, as an ingredient of the orientation film, if the pre tilt angle of the liquid crystal 
molecule 28 becomes 2-10 degrees, it is desirable, and what was parallel to the space of drawing 
2 and carried out rubbing of the polyimide film to the longitudinal direction, the thing which 
carried out the slanting vacuum evaporation© of the silica film are good. Moreover, the direction 
which enlarged the difference of the Tsunemitsu refractive index of liquid crystal and an 
extraordinary index, and made spacing of a liquid crystal cell small makes high responsibility and 
is desirable. However, since manufacture of a liquid crystal cell becomes difficult so that spacing 
of a liquid crystal cell becomes small, as for spacing of 0.1 to 0.2, and a liquid crystal cell, it is 
desirable [ the difference of the Tsunemitsu refractive index of liquid crystal, and an 
extraordinary index ] to be referred to as about 2-5 micrometers. What is necessary is for the 
quality of the material of Electrodes 24a and 24b to have the desirable one where permeability is 
higher, and just to use transparence electric conduction film, such as ITO film, zinc-oxide film, 
and a tin oxide film. The ingredient of Electrodes 24a and 24b, physical properties, the formation 
approach, etc. are explained in full detail like after. 

[0016] As mentioned above, although the configuration required for the function to change a 
wave front using a phase correction component was described, the phase correction component 
4 can have the function of a wavelength plate 5 or a polarization beam splitter 2 by carrying out 
the laminating of the monotonous optical elements, such as a wavelength plate and a polarization 
hologram, to the phase correction component 4. In this case, assembly and adjustment become 
simple because the number of the optics which constitute optical head equipment becomes 
fewer, and productivity improves and is desirable. What is necessary is just to carry out a 
laminating, after sticking on the glass substrate of a phase correction component directly or 
sticking a wavelength plate on another glass substrate when carrying out the laminating of the 
wavelength plate. 

[0017] Moreover, it is desirable to consider as the optical head equipment with which the phase 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgLejje 



2005/03/03 



3/6 s<—is 



correction component and the objective lens are constituted by one. The reason is that the 
wave aberration (spherical aberration) which the phase correction component generated to the 
spherical aberration generated with the optical disk will cause a location gap by lens shift, and it 
becomes impossible that it amends spherical aberration appropriately when the lens shift which 
an objective lens moves in a perpendicular field to an optical axis according to tracking etc. is 
produced and a phase correction component and an objective lens are not one. 
[0018] What is necessary is just to carry out fixing a phase correction component to the 
actuator holding an objective lens etc., in order for a phase correction component and an 
objective lens to consider as the optical head equipment constituted by one. in this case, the 
control characteristic of an actuator is not affected — as — making weight of a phase 
correction component light **** — a signal leader line — light weights, such as a wire, — 
connection — it is desirable to use an easy thing. 

[0019] Next, the approach of amending spherical aberration using the phase correction 
component in this invention is described. Drawing 3 is the top view showing an example of the 
voltage drop mold electrode pattern for amending spherical aberration, and is formed in either of 
the electrodes 24a and 24b shown in drawing 2 . As for 31-33, a low resistance electrode and 30 
are high resistance electrodes. Drawing 4 is the top view showing an example of the division 
electrode pattern for reducing residual aberration, and is formed in the electrode of the direction 
in which the above— mentioned voltage drop mold electrode pattern is not formed among 
Electrodes 24a and 24b. Moreover, the core of a low resistance electrode and the core of a 
division electrode are allotted on an optical axis. 

[0020] The slash section in drawing 3 is the high resistance electrode 30 formed with the 
transparence electric conduction film, for example, is a uniform electrode without division. Black- 
colored parts are the low resistance electrodes 31-33 for supplying an electrical potential 
difference to the high resistance electrode 30, and the bore and an outer diameter are arranged 
in the shape of [ centering on an optical axis ] a concentric circle. Moreover, the high resistance 
electrode 30 and the low resistance electrodes 31-33 are connected conductively. Therefore, 
the high resistance electrode is arranged on adjoining low resistance inter-electrode, and the 
adjoining low resistance electrode may be connected conductively. That is, the high resistance 
electrode may be in contact with the low resistance electrode which sandwiches this. 
[0021] It connects with the source of a signal which the phase correction component exterior 
does not illustrate with wiring, and the low resistance electrodes 31-33 can supply the electrical 
potential difference of arbitration with signals 1-3 respectively. In drawing 4 , 41-47 are segment 
electrodes which constitute a division electrode, and 48 and 49 are wiring. 
[0022] the ratio of sheet resistance rhoH of the electrode material which forms the high 
resistance electrode to sheet resistance rhoL of the electrode material which forms a low 
resistance electrode — if rho H/rho L is made or more into 1000, since resistance is low within 
a low resistance electrode compared with a high resistance electrode, within a low resistance 
electrode, it will become equipotential. On the other hand, in the field of the high resistance 
electrode 30, as a result of a feeble current's flowing according to the potential difference 
between the low resistance electrode 31, 32 and 32, and 33 and a voltage drop's occurring, 
potential distribution of the axial symmetry mold centering on the optical axis which changes 
continuously occurs. An electrode material and sheet resistance are explained in full detail later. 
[0023] Since the direction of orientation of a liquid crystal molecule changes according to the 
inter-electrode effective voltage (potential difference) which counters, if it makes all potentials 
of the division electrode which counters equal, effective-refractive-index distribution of liquid 
crystal is mostly in agreement with the distribution of voltage generated within the high 
resistance electrode 30. Therefore, if the low resistance electrodes 31-33 are constituted so 
that it may correspond to the wave aberration distribution which the distribution of voltage 
generated within the high resistance electrode 30 should amend, both can offset each other and 
wave aberration can be amended. 

[0024] Drawing 5 is a graph which shows an example of the spherical-aberration amendment by 
wave aberration generated by the phase correction component in this invention, and is the case 
where all potentials of the segment electrode which constitutes a division electrode are made 
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equal. The spherical-aberration distribution which requires the amendment which produced A 
according to thickness fluctuation of an optical disk, the error of optical system, etc., and B are 
phase contrast distribution for amending the spherical aberration generated by the phase 
correction component, and C is the residual aberration distribution which remained after 
amendment An axis of abscissa is a pupil radius centering on an optical axis, and is standardized 
by the radius of incoming beams. 

[0025] By setting up suitably the dimension of the low resistance electrodes 31-33, and the 
applied voltage of signals 1-3, in order to amend the spherical-aberration distribution A, it is 
opposite, and a configuration offsets the spherical-aberration distribution A according to the 
almost equivalent phase contrast distribution B, and a sign can amend. The location of the field 
D in the phase contrast distribution B and Field E is equivalent to the location of the low 
resistance electrodes 31 (the inside is included) and 32 shown in drawing 3 here, respectively, 
and since the location of the low resistance electrode 33 is equivalent to a with a pupil radii [ of 
drawing 4 ] of one or more location, it is not illustrated. 

[0026] The wave aberration distribution B which will be generated if the location of the low 
resistance electrodes 31 and 32 is changed changes. Therefore, in order to amend with high 
precision, it is required to decide the location and magnitude of the low resistance electrodes 31 
and 32 to be in agreement with the configuration of the spherical-aberration distribution A. When 
the average radius of the inradius of the low resistance electrode 32 of the shape of 0.2 to 0.3 
and a circular ring and a circumradius is set [ the radius of the incoming beams in a phase 
correction component side ] to 0.7-0.85 for the radius of the low resistance electrode 31 as 1, 
spherical aberration can be amended efficiently and it is desirable. When the radius of the low 
resistance electrode 31 is set to 0.21 and the average radius of the low resistance electrode 32 
is especially set to 0.74, the greatest amendment effectiveness can be acquired and it is very 
desirable. 

[0027] As mentioned above, although the division electrode was described about the case where 
it is made equipotential, the residual aberration shown in C of drawing 5 in this case remains. 
Since the magnitude of this residual aberration is proportional to the magnitude of the spherical 
aberration to amend, when amending big spherical aberration, such as a gap between layers in a 
multilayer record disk, it cannot be disregarded. Then, below, the reduction effectiveness of the 
residual aberration by the phase correction component in this invention is explained. 
[0028] The division electrode shown in drawing 4 consists of two or more segment electrodes 
41-47 by the shape of a concentric circle acquired by etching the uniform transparence electric 
conduction film. For example, a photolithography technique and an etching technique can be 
used for the approach of dividing an electrode. There is no flow between one adjoining segment 
electrode and other segment electrodes (i.e., the segment inter-electrode from which division 
spacing differs since the transparence electric conduction film is removed by etching). However, 
with the phase correction component in this invention, it wires with the transparence electric 
conduction film inside an electrode so that some segment electrodes may flow, and this is 
reducing the number of signals. 

[0029] That is, two or more segment electrodes are divided into two segment electrode groups, 
and are connected conductively for every segment electrode group, and it is constituted so that 
a different electrical potential difference between the electrode of the transparence substrate 
which counters, and each segment electrode group can be impressed. Thus, by constituting, the 
number of control voltage generating means can be reduced, and it is desirable. 
[0030] In the example shown in drawing 4 , one segment electrode group is formed, and it flows 
with the wiring 49 arranged on the longitudinal direction of drawing, and connects with the 
external source of a signal, and the segment electrodes 41, 43, 45, and 47 can impress the 
electrical potential difference of arbitration with a signal 5. Similarly, other segment electrode 
groups are formed, and it flows with wiring 48, and connects with the external source of a signal, 
and the segment electrodes 42, 44, and 46 can impress the electrical potential difference of 
arbitration with a signal 4. 

[0031] Drawing 6 is wave aberration distribution showing the residual aberration at the time of 
amending spherical aberration using the phase correction component of this invention. The pupil 
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radius is standardized by the incoming beams radius even in this drawing. The residual aberration 
at the time of making equipotential all the segment electrodes mentioned above is 61, and the 
residual aberration at the time of supplying a different electrical potential difference as signals 4 
and 5 shown in drawing 4 becomes like 62. Fields D41-D47 support the segment electrodes 41, 
42-47 here. That is, D41 is a domain (Domain) 41. 

[0032] The irregularity of the residual aberration shown in 61 can be graduated by setting up the 
radius of a segment electrode appropriately according to the configuration of residual aberration, 
and generating the potential difference in segment inter-electrode, and residual aberration can 
be reduced. What is necessary is just to enable it to impress here an electrical potential 
difference which increases the number of signals and is different for every segment electrode to 
reduce residual aberration further, although the segment electrodes 41, 43, 45, and 47 were 
made equipotential and differing from this etc. made the segment electrodes 42, 44, and 46 
potential. Only the segment electrode 42 is insulated from other segment electrodes as a 
different pattern from the division electrode pattern shown in drawing 4 , it can connect with the 
source of a signal of the new exterior, and can also control independently, and although the one 
number of signals increases, residual aberration is reduced to a pan. 

[0033] Next, the electrode material of the phase correction component in this invention is 
described, the ratio of sheet resistance rhoL of the electrode material which forms the low 
resistance electrode of a voltage drop mold electrode, and sheet resistance rhoH of the 
electrode material which forms a high resistance electrode — rho H/rho L is made or more into 
1000. When rhoH is too small, it may become difficult for a comparatively big current to flow also 
to a high resistance electrode, and for a voltage drop to arise within the low resistance electrode 
which is in contact with the high resistance electrode, and to acquire desired distribution of 
voltage. On the other hand, when rhoH is too large, since the conductivity of a high resistance 
electrode is lost, potential distribution is not generated. Therefore, in order to satisfy the above 
conditions, rhoH has good 103ohm/** - 107ohms / ** extent. On the other hand, since the 
permission resistance range of a high resistance electrode becomes large [ direction ] making it 
as small as possible as for rhoL, its 1ohm/** - 100ohms / ** extent are preferably good. 
[0034] As an ingredient of a low resistance electrode, although metallic materials, such as 
copper, gold, aluminum, and chromium, are desirable in respect of conductivity and endurance, 
since it is shaded by the electrode section, permeability falls. Therefore, it is desirable to use the 
transparence electric conduction film. For example, using small transparence electric conduction 
film of specific resistance, such as ITO film, satisfies the conditions of the ratio of the resistance 
of a low resistance electrode and the resistance of a high resistance electrode which were 
mentioned above, and since permeability is also high, it is desirable. Moreover, transparence 
electric conduction film like the [TO film is sufficient as the wiring material on the electrode 
drawer section 27 for impressing an electrical potential difference to a low resistance electrode 
from an external phase correction component control circuit, and a metal membrane like 
chromium or nickel is sufficient as it. In the case of a metal connectable [ with especially 
pewters, such as nickel, ], the signal line from the outside can be easily connected with a pewter, 
and it is desirable. 

[0035] On the other hand, as an ingredient of a high resistance electrode, it needs to be 
transparent and sheet resistance needs to be high compared with the ingredient of a low 
resistance electrode. For example, one sort or the tin oxide film doped two or more sorts, the 
ITO film, etc. are [ elements /, such as a gallium, aluminum, silicon, an yttrium and an indium, ] 
good in elements, such as one sort or zinc oxide film doped two or more sorts, and antimony, an 
indium, a gallium. 

[0036] Since the high resistance film is easily obtained compared with the ITO film, the zinc- 
oxide film and tin oxide film by which the above-mentioned element was doped are desirable. 
Especially the zinc oxide film of etching nature with which the above-mentioned element was 
doped is also good though it is high specific resistance, and it is a suitable ingredient in the 
optical head equipment of this invention at a point excellent in the permeability of light, and 
endurance. When using the ITO film for both a low resistance electrode and a high resistance 
electrode, it is desirable in order for using as the film with which specific resistance differs to 
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tend to control thickness. 

[0037] On the other hand, the ingredient of the transparence electric conduction film of a 
division electrode can use tin oxide, a zinc oxide, etc. with which ITO, a gallium, an indium, 
antimony, etc. were doped like the voltage drop mold electrode. However, when membrane 
resistance is [ direction ] low and it can do using ITO, since permeability is high, it is desirable. 
[0038] Moreover, the above-mentioned low resistance electrode consists of an outside, middle, 
and three inside low resistance electrodes. The ratio of the average of the inradius of a middle 
low resistance electrode and circumradius to the pupil radius of the objective lens which 
constitutes optical head equipment is from 0.7 to 0.85. And by considering as the above optical 
head equipment the ratio of the difference of the inradius of a middle low resistance electrode 
and circumradius to the pupil radius of an objective lens is [ equipment ] from 0.02 to 0.14, since 
optical head equipment can amend spherical aberration appropriately, it is desirable. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EXAMPLE 

[Example] The optical head equipment of this example is equipped with the phase correction 
component which amends the spherical aberration produced according to thickness fluctuation 
of an optical disk, an objective lens, the alignment error of optical system, etc. The phase 
correction component 4 was included in the optical head equipment shown in drawing 1 , and it 
connected with the phase correction component control circuit 10 which has five sources of an 
electrical signal electrically. The wavelength of the outgoing radiation light from the 
semiconductor laser 1 which is the light source is 405nm, NA of an objective lens 6 is 0.85, and a 
pupil diameter is 3mm in diameter. The component structure of the phase correction component 
of this example is the same as what was shown in drawing 2 . 

[0040] The ITO film of specific resistance 5x10-6 ohm-m was formed by the magnetron 
sputtering method on the front face with a thickness of 0.5mm which is a transparence substrate 
of an alkali-free-glass substrate, photolithography and the technique of etching performed 
patterning on this ITO film, and the division electrode shown in the low resistance electrodes 31- 
33 and drawing 4 of the voltage drop mold electrode shown in drawing 3 was formed. And it was 
allotted as the core of a low resistance electrode and the core of a division electrode were on an 
optical axis. 

[0041] The sheet resistance of 50ohm/** f and a division electrode of the sheet resistance of 
the low resistance electrodes 31-33 is 300ohm/**, and each segment electrode spacing of a 
division electrode was set to 5 micrometers. Then, to the voltage drop mold electrode, the zinc- 
oxide film with which the gallium was doped was formed by the magnetron sputtering method, 
and the transparent high resistance electrode 30 (specific resistance 5x10-3 ohm-m) was 
formed. The sheet resistance of the high resistance electrode 30 was 1x105ohm/**, and the 
ratio with the sheet resistance of the low resistance electrodes 31-33 was 2000 to 1. In this 
example, electrode 24a of drawing 2 was used as the voltage drop mold electrode, and electrode 
24b was used as the division electrode. 

[0042] Then, after forming in the front face of Electrodes 24a and 24b the insulator layer 25 
which uses a silica as a principal component with a spin coat method, similarly the orientation 
film 26 which uses polyimide as a principal component was formed with the spin coat method. At 
this time, it piled up so that it might become the cellular structure which shows two produced 
alkali-free-glass substrates to drawing 2 using the sealant of the epoxy system in which the 4- 
micrometer glass spacer was mixed. Between the glass substrates of this eel, difference deltan 
of the Tsunemitsu refractive index and an extraordinary index poured in the pneumatic liquid 
crystal of 0.15, the inlet was closed, and the liquid crystal cell was formed. In addition, rubbing 
processing of the orientation film 26 is carried out in advance so that the liquid crystal layer 23 
may become homogeneous orientation. Moreover, the coat of the antireflection film (not shown) 
was carried out to the outside front face of a glass substrate. 

[0043] The low resistance electrode 31 the bore of 0.7mm, the outer diameter of 0.8mm, and the 
low resistance electrode 32 The bore of 2.2mm, The outer diameter of 2.5mm and the low 
resistance electrode 33 have the shape of a circular ring centering on an optical axis with a bore 
[ of 3.2mm ], and an outer diameter of 4.2mm. Wiring formed with the same transparence electric 
conduction film ingredient connects with the phase correction component control circuit 10 from 
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electrode drawer **** 27, and the electrical potential difference of arbitration can be supplied to 
each low resistance electrode using signals 1-3. the ratio of the difference (0.15) of the inradius 
of the middle low resistance electrode 32 and a circumradius — 0.1 — it is — 0.02 and 0.14 — 
having done . [ as opposed to / the ratio of the average (1.17) of the inradius of the middle low 
resistance electrode 32 and circumradius to a pupil radius (1.5mm) is 0.78, and are between 0.7 
and 0.85 here, and / a pupil radius (1.5mm) ] 

[0044] On the other hand, the division electrode shown in drawing 4 is divided into the segment 
electrodes 41-47 of the shape of a concentric circle (the diameter of 0.6mm, 1.0mm, 1.7mm, 
2.4mm, 2.6mm, and 2.9mm) from the inside centering on the optical axis. The segment electrodes 
41, 43, 45, and 47 have flowed with the wiring 49 formed with the same transparence electric 
conduction film ingredient, and the equal electrical potential difference was supplied by the signal 
5 which the phase correction component control circuit 10 generates. Similarly, the segment 
electrodes 42, 44, and 46 also flowed with wiring 48, and the equal electrical potential difference 
was supplied by the signal 4. 

[0045] pi The phase correction component in this example was controlled by five electrical 
signals, an electrical signal is a rectangle alternating current with a frequency of 1kHz, the signal 
4 the signals 1 and 2 for voltage drop mold electrodes, three comrades, and for division 
electrodes and five comrades are in phase respectively, and, as for signals 1, 2, and 3 and signals 
4 and 5, the phase has shifted. If it follows, for example, the electrical potential difference of 
signals 1, 2, and 3 is set to V1 [Vrms], a signal 4, and 5V2 [Vrms], the electrical potential 
difference impressed to inter-electrode will become V1+V2[Vrms], and will drive a liquid crystal 
molecule. 

[0046] Next, the principle which amends spherical aberration by the phase correction component 
in this example is explained. B of drawing 5 is a graph which shows radial distribution of the wave 
aberration (spherical aberration) generated when the thickness of an optical disk becomes thick 
0.01mm from 0.1mm of a design value in the optical system whose wavelength of 0.85 and the 
light source NA of an objective lens is 405nm. Since spherical aberration is axial symmetry, the 
wave aberration shown in B of drawing 5 should just consider that it is distributed by the pupil 
radius 0, i.e., an optical axis, as a symmetry axis of rotation inversion. 

[0047] In order for a phase correction component to amend the spherical aberration generated 
by 0.01mm optical disk thickness fluctuation, 1.1Vrms(es) were impressed to 1.3Vrms(es) and the 
low resistance electrode 32, and electrical-potential-difference 0.5Vrms was impressed to the 
low resistance electrodes 31 and 33 at the segment electrodes 41-47. Therefore, the effective 
voltage impressed to a liquid crystal layer was set to 1.6Vrms(es) with 1.8Vrms(es) and the low 
resistance electrode 32 with the low resistance electrodes 31 and 33, and the distribution of 
voltage which changes continuously by electrical-potential-difference width-of-face 0.2Vrms 
into the field of the high resistance electrode 30 produced it. Like the above-mentioned 
explanation, since the direction of orientation of a liquid crystal molecule is distributed according 
to an electrical potential difference, as for a phase correction component, concentric circle-like 
change [ wave-front ] can be generated, and the radial distribution becomes like B of drawing 4 . 

[0048] Since the electrical potential difference of signals 1-3 is decided here according to the 
magnitude of spherical aberration A, as a result of offsetting each other, the wave aberration on 
an optical disk side becomes like C, and reduces spherical aberration A and the spherical 
aberration B generated by the phase correction component. Although the spherical aberration 
before amendment was abbreviation 0.1 lambdarms, as a result of amending using a phase 
correction component, it decreased to abbreviation 0.018lambdarms. 

[0049] What is necessary is on the other hand, just to impress 1.3Vrms(es) to the low resistance 
electrodes 31 and 33 with A of drawing 5 , at 1.1 Vrms(es) and the low resistance electrode 32, in 
order to amend the spherical aberration which positive/negative reversed when only 0.01mm has 
the thin thickness of an optical disk. Since wave-front change generated by the phase correction 
component also becomes the form which reversed the positive/negative of B of drawing 5 by 
this, spherical aberration can be offset 

[0050] Next, in order to improve the residual aberration after the amendment shown by C of 
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drawing 5 , without changing, among the segment electrodes which constitute a division 
electrode, 0.48Vrms(es) were impressed to the segment electrodes 41, 43, 45, and 47, and the 
applied voltage to a voltage drop mold electrode impressed 0.52Vrms(es) to the segment 
electrodes 42, 44, and 46. As a result of the electrical-potential-difference difference of 
0.04Vrms(es) arising for every segment electrode of a division electrode by this, substantial 
refractive-index distribution of a liquid crystal layer also changes. 62 of drawing 6 is a graph 
showing residual aberration when this electrical-potential-difference difference arises, and is 
expressed as wave aberration, the segment electrodes 41-47 — signs that residual aberration is 
decreasing compared with 61 when carrying out 0.5Vrms impression equally to all are known. At 
this time, as a result of being halved to 0.009lambdarms, record of the information on an optical 
disk and reproducing characteristics of wave aberration abbreviation 0.018lambdarms after the 
amendment shown previously improved further. 

[0051] Spherical aberration has been amended with a sufficient precision by impressing the 
electrical potential difference suitable as mentioned above for the low resistance electrodes 31- 
33 and the segment electrodes 41-47. Moreover, since the low resistance electrodes 31 and 33 
do not influence greatly on an optical property even if they impress an always equal electrical 
potential difference, it can be made to be able to flow through the low resistance electrodes 31 
and 33, you may make it able to connect with one power source, and they can be operated with 
four external signals in this case. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The conceptual diagram showing an example of the principle configuration of the 
optical head equipment of this invention. 

[Drawing 2] The sectional view showing an example of the configuration of the phase correction 
component in this invention. 

[Drawing 3] The top view showing an example of the voltage drop mold electrode pattern of the 
phase correction component in this invention. 

[Drawing 4] The top view showing an example of the division electrode pattern of the phase 
correction component in this invention. 

[Drawing 5] The graph which shows an example of the spherical-aberration amendment by the 

wave aberration generated by the phase correction component at the time of impressing the 

same electrical potential difference as the segment electrode which constitutes the division 

electrode in this invention. (The field in which the spherical aberration which takes amendment 

to A, wave-front change which generated B by the phase correction component, and C are 

equivalent to the wave aberration after amendment, and D is equivalent to the low resistance 

electrode 31, field in which E is equivalent to the low resistance electrode 32) 

[Drawing 6] The graph which shows an example of the spherical-aberration amendment by the 

wave aberration generated by the phase correction component when two or more electrical 

potential differences were impressed to the segment electrode which constitutes the division 

electrode in this invention. D41-D47 are a field equivalent to the segment electrodes 41-47. 

[Description of Notations] 

1: Semiconductor laser 

2: Polarization beam splitter 

3: Collimate lens 

4: Phase correction component 

1/5:4 wavelength plate 

6: Objective lens 

7: Actuator 

8: Optical disk 

9: Photodetector 

10: Phase correction component control circuit 
21a, 21b: Glass substrate 
22: Sealant 

23: Liquid crystal layer 

24a, 24b: Electrode 

25: Insulator layer 

26: Orientation film 

27: Electrode drawer section 

28: Liquid crystal molecule 

30: High resistance electrode 

31-33: Low resistance electrode 



http://www4.ipdl. ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



2005/03/03 



2/2 v 



41-47: Segment electrode 
48 49: Wiring 

61 62: Residual wave aberration 



[Translation done.] 
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DRAWINGS 



[Drawing 1] 




[Drawing 4] 
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[0015] •£fcElfilJ»0*t**i: LTtt, »fi^28 

5 K^^0 2«o^ffi^^F : ff-efc**'[6]fc7 trv^bfcfc 
to-*?, ->y #MI«rftiMKii bit fc©J5:W5iv^ $/ Cn 
»ft«>?ir3tJB*f*i:*flf*®*fs|Bt<7>l6S:-*:#< bT?& 

©iffAiiic * 5 fc * . ffi H B B w^TtB^r^ t mmitm 

ffrmtcom-to . 1~0. 2, fi$ B a B-fe/UCDFB 1 TOf42~5 
M mg^t-r-5C<!ry4*^SbV\ lft24a, 2 4 b CO 

*re»4igii^s-gv^*s^b<, itoe mtm&t 

[0 0 16] ffi+BMiESlf^Srfflv^-CSEflBSr^kS 

tizx^o. Kfi«5-^ii7tf— A^7°y s/^ 2<Dmm& 

P^r)'fS!Mtne9, £j©4tfSft±b-C$f* bv\, 
>? -fat St** *tz.t±$L&fc$:M(ntf9xmmm y 
[00171 It fetSffijEig^-t^u^XirTi*— ^ 

ic^bTsa^ffirtT-^tb-r?) u>x->7 h^bfct 

[00 18] ft*BMiE*T-i:»i»u>'Xi: 
Jixtv^^s' KSiBti-iJ-tt. Sfei'VX^ 
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[0 0 19] ^PJt^ttSfi+BttlE^S-fflV^ 

Tfrf'W-ffimX'fo'O » W\2\z9jk£i\tzmM2 4 a , 24b 
W^-rtlfr-jjlzMl&ZixXl^Zo 31-3 3l4{Sffi^[ 

m& 3 oteisiismnmx&z* ®4\immMm*&m 10 

■9, 1124a, 24b«5^ _klS<£>flJ£|i£T§ilIH& 
^1)Wl&£iXX\<^£\<>jj<DKtelzm}&.£tlX\<^ 

[0020] is] 3 tc*3 its mmmrmm mmmiz ± 9 ^ 

■fZ>tctb<Di&1g.tn,WM3 1 ~3 3-C-feO , ^-cortg, ^+ 

fc, iUStft®^ 3 0 ir*&&*rt«g3 1-33 (i^ffi^ 

[0021] <&*gtafi«3 1 ~ 3 3 liiE^tc i OtefBM 

%-i~3\zxoxizm<nmm*m&x'%z> 0 nutr*^ 

X, 4 1- 4 7tt^«!l««S:«j5Srr5-fe^y v h«*re 
fc K> . 4 8 t 4 9 !4g£^-C-fo-5„ 30 
[00 2 2] iSffitrE«ffiSr^-r5«S«-i|^(ZJv'- h*£ 

Jgfct P H(0)tpH/pL 41 000 W-hi--r 5 t , mUk 

mftxummfiLtteZo — 2n «i£45i:ms3 owffirtr- 

l±ffi«et®^ 31t32> J3J:t;32t33 fflC0«fi£H 

[0023] m&m-nmftjjm*. ttfa-rz>nmm<o 
m®w£ m&m \zfccxmt-ttt<t>. mfa-tzft 
mmmcomitL^x^ l < -rm* > ^cojiaaiff^^ 
*j±K«tt:««3 ortT'^^i-5«JE^*(^»iiS-ife-r 

5, Lfc^oT, 3 Ort 3 *JE$M»i 

ri5*$IEi-<# «ffiiR^*fw»jC:-r 5 J; 5 JHSftttS 3 
1-33 «r*j«-r;Ktf, ttSiD&frMjE 

[0 0 2 4] EI5li*^(Cjolt5&+Bffi3E*^^<t V 
3§£Lfc. »SBiR»=J:«#ffiiRa«jEro— fflSr^-t-^ so 



77^1 ^fij«@^«i^-rs-fe^v v hm^comtt 

mftft. B H:ffiffi«iE*T-fc J: 0 5 *B«R^Srtt 
[00 2 5] 3*SJ|XS5>*ASrffiIEi-5fc*^lfietm 

i3i~3 3©m *i it>*fa-§- 1 — 3 co^nmm^ii 
m'A^Biz x <o nmi&mftifiA&m&Lx rniExz 5. 

14, 0 3lr^i-fi«tfL«ffi3 1 (rtfflSSr^tp) i32« 

fitac-tn-enwjc ltk o n 3 3 cofcsii 

04<oie^i£A±«Dfiiefr^-r-5fcif)Ei*$nTv> 

[00 26] te}g#i®@ 3 1 t 3 2 <0{£g$r^"(t;£-tf-5 

\z— J; 5 CHg^tstm® 3 l t 3 2 rofes £ $ 

7t3t€W^££l £ LTCtU^U &ffift:tt&3 l«f 
SSrO. 2—0. 3, nm--tk<Vi&1&in.mM3 2<7?rt^ 
t^^t(OW-^^0. 7 — 0. 8 5(CLfci:#, 

jS3iro^SrO. 2 1 lit, {SSSt«^3 2 co^^ 
SSrO. 7 4(CUi#l:, **©*iESb*S:»S r i 

[0027] ^mmm^mmz vtzms-izm l 

tfcMi- 5 A . ^SSEft^ ^ ^ K *5«t 5 ® HQ -V s» 

[0028] ei 4 iz^-r^mmmii. -m^mmmms^ 

rot^^yMi4l~4 7J;!)i^^tv^„ 

k=-y*f-^ym&*m^z>z\ k&x%z a mm-rz>-<> 
^ y vwmtmm-t* x o\zm,mfHmxmwmw&iz & 

[00 2 9] -f-^^t,. IS^CD-tr^ V hm®^5 2o<73 
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lei 9, MW*EE*£#«<0«fcttfe-r;i Tfi- 
[0 0 3 01 El4(r^LfcCTT-(4-fei/^ V h«®4 1 , 
4 3, 4 5. 4 7 14— 0©t^y hfMf¥/^/&$ 

;4^AD-C*#5o ISI#tt^^yHffi4 2, 4 4, 4 6 

i4mco-tr ^ v h mMmmmzn. mm 4 s k 4 5 * 

[0 0 3 1] H6{4^^Wfi[+BMiE3(IT-SrfflV^T3*ffi 

-g-co^gi|X^t46 lfibO, i4t^t{a-§-4 1 Sib 

£5. ;:t-fi)SD4 1~D4 7liWyHl4 
1, 4 2~4 7l;M)SLtV^, titot)D4 1t(iK 
^-f^ (Doma i n) 4 1 <DZ t 5„ 20 
[0 0 3 2] -ir</^ V hm®W^^©i)X^roff^t^ 

M^5ri:t'6 ifc*bfc«HMjai©|!ni!!iSrspJIMk 

£4 1, 43, 45, 47 Sr^«ffii: L, -fe^V V hm 
4 4, 4 6 5rin£tt»fc34P«{£fcLfc«s. 

[0 0 3 3] jfclC, *«e^{^*3»t5fi:+BttjE*^<Ofl;ffi 

Z>m.1®#n<0's— M&inipH witpH / P l 4-1000 
SUiKi"*. p H «S/h$i8^5 ££14, «ffifet«»r'b 

# (4, ffi&fttt&ff>3MBttd<& < 4 5 fc«>*ffi$MlnM6 
£L&V\ Lfc/^oT, W±W^#5:iSJEi--5fci6(c|4 
ph 141 0 3 Q/D—l 0 7 Q/nm&tf£\\ — 

p l i4T'#s/£it/h$ < i--5^jJSi«ffi«:a«roflF^«tn: 

I5ffl755^:t < &5/c*, #*L<(41 G/D—l 00Q 
[0 0 3 4] (£»fitffcK«)*mi:U-Ctt. ffl. ^. 



Ll\, 0iJ^l4l TOII!tfc£ifc«tt0>/h$fcjSW*«ffll3: 

iHisS4t), «i£4TODi-€)fc*wa®?im&i52 7±^ie 

il*Wt4 I T 0)^(0 4 9 /iSBJig®)^T"b4<, 
[00 3 5] — ^®Stm®<7?*t^fi: LTf4, JgWT? 

[00 3 6] _hSB0>5c*JS* K-^SftfclWfcffia&WWHfe 

[0037] *rtdtttE0anw«iisatmtt«i£ 

^TIiIi^Ii:iTOW!)7A, -f^v^A, r 
v^-e vft ¥tf K— *xfc*fl:»**ft:Bi&4 fRfr^ 

[0 0 3 8] Sfc, ±|EcO{£lgfeT;fl;1S(4^-ftiJ, ^P^, F*5 
m<o 3 owfeStn:*® A- f> * 9 » y KSSH SrWfife-*- 

ft¥&bft i M£t<Dm<vttfro . 0 2^e>o. 1 4*-ex* 

[00 3 9] 

<5*ffiiDiaE*ttiEi-5tt4BttjE*^Srft*.-CV^. Ell 
y K^g^fiWMiE^T- 4 SrjffliWi^ 5 o 

WtftULft. 3t»-CfcS¥*fr^— 9*1^5) wait* 
«Sfifi4O5nmt*^0, St^ WN A(4 0 . 

8 5, ii@l4ii:S3mmT-fo-5o *0HrofittB«]E^^-W 
* J JH»SS»4BI2»=^:Lfc'b(Oi:IBJC-e*>5. 
[0 0 4 0] aBJ««-C-fo-5J*S 0. 5mmC0«ir^ 
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lw± 9Jfcfigi5 X l 0~ 6 Q • m<^I TOlKSrfifcJRb 

Tmmm<Di&i&i7imm 3i-33^i4i:^ t^^n 

*i? i *«3fc*±fc S J: 5 E * ttfco 
[004 1] {6ffi#t«ffi3 1 — 3 3 <^>— M&tftffifci: 5 

0 Q/D, hSetfl£fi3 0 0 Q/D-C4) 

«E*TS«lBKtt^y K— ^Sixfc* 10 

flSEft**:^* hny^x^^!) ^ftl:i9*BL 
"CaW4K«tt*«3 0 Ufc»in5 X 1 0- 3 Q • m) 
fc#j*bfc. iSb*&#C«;^3 ocov— hffigtfii^ lxio 
5 Q/D-CfcO, f£tefet*@3 1-3 3<Oix- hffiStft 
^(Difcli, 200 0Sltfcofc 0 *36Kt«-CttBI 2 <D 
ttffi2 4 a «:«GEfirFS!«1£i: b, «&2 4 b &##J* 
^<*r b/c 0 

[0 0 4 2] t^fl lffi2 4a, 2 4 b OigffilCl* 

C<^tVn- hffiK«fc!) Jgj«brt: 0 C<7)<>:#, f^SJb 
fc2ft?>«ST7U;*7 y tfy^mfr*. 4 nm<Dtf^*W:* 
^jgx$n^7K^r'>^60->— A4fS:Jfl^-CEl2 

0. 1 5(0^f^f y^iKaSraAb. ffiAPSritihb 
X»ft-fe/^Sr»fifcbfc. EffiiJ»2 6fiSJS«2 3 

Tftt?) — V bfc 0 30 

[0 0 4 3] {SSSiS®3 lfirtSO. 7mm, ^ 
0. 8mm, {6te^a®ffi3 2(irt@2. 2mm. ^ 
2. 5mm, ififfifaW^ 3 3 3 . 2mm, 

4. 2mm««5:^^^ b^:RS«S:W bT*5 9 , Ir) 

2 7^&ffi«4ijE3K?ft!mi|9Kl Olc««tSnTi3 5, 
If * 1 - 3 Srfllv *-C#* <^{6«ST:««^tt«^)«JESret 

*&-e#5 0 it^m (1. 5 mm) ic^f-rs, * 

noiettSMHEs 2(Drt^<h^s<too5p^it (1. 

1 7) <£>Jfc#0. 7 8-CfcoTO. 7i:0. 8 5 <om\Z 40 
fc9, (1. 5 mm) f|Rl4>{&tt 
1?C®@3 2<Dft¥&kft¥&k<Dm (0. 1 5) CQit^ 

0. IT'fcotO. 0 2^0. 14^Cfco/Co 
[0 0 4 4] — * % H4l^t»««SI4, JtlftSr*^ 
i:bTrtffllJ:9ii:S0. 6 mm, 1. Omm, 1. 7 m 
m, 2. 4mm, 2. 6mm, 2. 9 mm<7)[0]'fr R4K<0 
> Nm#4 1 -4 7K#M$*l-CV^5 0 ir^V 

n«4i, 43, 4 5, 4 7\*mcmwmwmtfmx* 
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*&Sixfco Rl*8^-fe^^ > h«@4 2, 4 4, 4 6 tE 
&4 8 I:j:0»asn«t4 K± 9*bi*«Eastfe|&$ 

[0 0 4 5] ^IIJECTtrfcttSffiffiMiElg^ttSo^a; 
ft«#-KJ:9*yW$ft. ttfttt*ttJHttft 1 k H z <o*g 
»««-Cfc 9 , SiE^T^®@ffi 1 , 2 , 3 PI 

tB-efct). m-^-l, 2, 3 £{1-^4, 5 irfiffiffi^Tri* 
IXtV^o bfc/^oT, Mxfiff-^-l, 2, 3<D®J£2: 

Vl [Vrms ] , ff-^-4, 5£V 2 [Vrms ] t"t 

2 [Vrms ] t^ofSft^srreiii-rso 

[004 6] *te***«R:j3»tfttttB*IEIf^fc J: 9 

yXWNA^O. 8 5, )tl^g^4 0 5nm(D)t^ 
^{C^V^C, ^^^^^^^l^tfffi^O. 1 mm J: 
9 0. 0 1 mmf< ftofe»&^*^i-5«ffilRM 

o*9*«iS:lHHE*HM*t bT^ bTl>£ <b#^Ktf 

[0 0 4 7] 0. 0 lmm^3fex^^^i¥^Sb^J:t) 

tw> telSfeLWl3 1 , 33l:i. 3 Vrms , 
1132^1. lVrms , ir^Vyhlli4 1-4 7i: 
M1£0. 5 Vrms SrPPiPbfco bTc^oT, ffiHI^ 
HlAD$n53l3b«Ett. iS»gL««3 1, 3 3 "CI. 8 

Vrms , ffiffifet«®3 2^1 . 6Vrms t ft 9, B5 

sfeiS®3 o^Ertic*5i^^mffitso. 2Vrms -e 

[00 4 8] r r-C3*ffiiRMAC0*t §^)£i:tfl^l 

C0*ffi«XM^0. 1 X rm s -C&OTC^, {IL+SME* 
T-Srffl^tljEl^Sft, ^30. 0181rms 
b/C 0 

[0 0 4 9] Jt^^^Wf S^O. Olmmf: 

[2 5(OAi:ttjE*^5Sfrtebfe«ffiiRS 
Sr«jE-t-*fc»fc, telg^Lffl;1l3 1, 3 3 (CI. IV 

rms , i&t&tfimU 3 2 {C 1 . 3 Vrms SrPP*Di"iXtf 

[0050] *jwH5^c-e*sn5«iE«waeiRs 

$:^»i-^fc^^, «E»TS««— oPp*P«EE«:aSx. 
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y h Wt& 4 1, 43. 45, 47 {CO. 48V,»> , 
-tr^y>hlHl42 > 44, 4 6IC0. 52V r » s £ 

0. 0 4Vr ms rolEH^CSil, ffialirolS 

tt*«*f*^*t>»b-t-». 060?6 2r±. i^flffiM 

T^^b-CV^o -ttfty hWM4 1-4 7±TtC^L 
<0. 5Vrms PPADUfc^ t©6 1 KUfc^gifcMri 5 

ft^&BIX^O. 01 8 Arms (10. 0 0 9 X 10 
[0 0 5 1 ] W±Wi5t-iSffifet«S3 1-33, ir^ 

y v h*«4 i~4 7\zmw£mj£*mu-rz>^t^£ 

1, 3 3l4rf l^L^ttffiSrEMDLT'k, #^#te-h*: 
f<»fUi»f:W:, ifitttiSl, 3 3£r^il£ 

trio©iiii»mt±< l :<oi^4o©^ 

[0 05 2] 20 

[0 0 5 3] rroWfifeSrW-rsffitBWjEstrT-tt, SfcffiHX 
[0ffiwjBi*4lftW] 

[bi i ] *$m<r>%^ y h-mm<ommm!&(o-M$:?F-r 

[12] *3Blr!KS3»tSffi*B»iE*^F-«>«jftW— 40 
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[B3] *«W«wd3»t«ffitB*E*^0«BEr*Te«« 
[04 ] **W»c:*5»t5ffiffi1ilE*?-«>^fiJ«ffiy<#- 
IIH5] ^^^^(ts^Jtt^Srfllfigi-S-lri/^^h 

i*i£i&ta;«ffi3 1 i^m-r^m^ Etenm.irn.mM 3 2 

[EI6 ] *«Wfc*»t5»««ffiSr«j«i-5-fei/> v h 

7 0 D4 1 — D4 711-fei/V V hflE®4 1 — 4 7(^tB^ 

I^-g-WtftK] 

1 : U'— tF 

2 : MTtf-^^-^y 5/* 

3 U>-X 

4 : fiWB*|jE*^ 
5:4»«1 ft ft« 

6 : M^UVX 

7 : T^f-a.^— 9 

8 : ifrr-< *P 

9 : 7fc$!ffi2§ 

1 0 : iu.^miEm^vmm^ 

2 1a, 21b: 
2 2 : 

2 3 : ffoJIJf 
2 4a, 24b: 
2 5 : tfUUK 

2 6 : safiisi 

2 7 : W^3IW£I5 

2 8 : 

3 0 : <mfctt.mM 

31-33 : m&Kwm 

4 1-4 7 : ^ 
4 8, 4 9: EiB 

6 1, 6 2: agiSffiHX^ 
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